Abstract. Modelling of macroscopic behaviour of materials, consisting of several layers or components, cannot avoid their microstructural properties. This article demonstrates how the method of Rothe, described in the book of K. Rektorys The Method of Discretization in Time, together with the two-scale homogenization technique can be applied to the existence and convergence analysis of some strongly nonlinear time-dependent problems of this type.
Introduction
This article arose as a modified and extended version of the author's contribution [25] at the International Conference in honour of the 80 th birthday of Professor Karel Rektorys. Its aim is to demonstrate how the seemingly very classical and simple method of discretization in time, whose basic idea (coming from the implicit Euler formula) was investigated by Rothe (cf. [20] ), well-known to both mathematicians and physicists or engineers just from Rektorys' monograph [19] , can be applied not only to the effective numerical analysis of standard problems, as described in [22] , but, moreover, to the verification of existence and properties of solutions in rather complicated variational formulations, including those typical for the mechanics of composites and other materials consisting of several finely mixed constituents with a (quasi)periodic structure. Such materials are widely used in modern industry: e.g., it is well-known (for details see [23] ) that the most effective way how the creep resistance of metals at high temperatures can be improved is their reinforcement by hard particles-such particles can precipitate in the matrix during the heat treatment of the material (as in the case of superalloys), can be added into the matrix or can precipitate in the matrix during solidification (as in the case of metal matrix composites).
From the practical point of view, the principal computational difficulty is that most significant material heterogeneities are very small (in our example the size of particles and their mutual distances are typically in micrometers) in comparison with the global dimension of a material sample in the laboratory or of a bearing element of some engineering construction (in meters). Standard software packages typically include some heuristic construction of "mean values" of material characteristics; unfortunately, their strange results, not observed in the nature yet, are able to illustrate the conflict between the "verification" and the "validation", introduced in [4]-the example in [25, p. 360] , refers to non-realistic results even in case of a simple layered material. However, direct application of finite element or similar techniques can incorporate no correct information about the microstructure without extremely large, slow and expensive calculations. On the other hand, all reasonable calculations at the microstructural level require strict assumptions on the macroperiodicity of external loads, usually far from the practical ones.
The natural idea how to overcome this difficulty is to improve the "mean value" approach to avoid or simplify the computational microanalysis. This is the principal (and more than 25 years old-cf. [3] ) idea of all the so-called homogenization techniques-beginning from the formal asymptotic expansion, adopted to the study of periodic problems, leading to the multiple-scale method (understood in sense of [7, p. 125]) , and continuing to the method of oscillating test functions (cf. [7, p. 138]) and to more advanced approaches based on the G-convergence, the H-convergence and the Γ-convergence (corresponding references can be found in [16] and [24] ). But certain disadvantages seem to be typical for any such approach: rather complicated definitions, making use of tricky test functions with no clear physical interpretation, and reader-unfriendly proofs of lemmas with numerous non-constructive steps generating non-trivial auxiliary problems (unlike, e.g., the method of Rothe, discussed above) cause that most physicists and engineers are not ready to accept them. Moreover, in particular for nonlinear problems the differences between various types of convergence are often not transparent (see the relations between the G-convergence and the H-convergence in [7, p. 243] , for illustration).
An alternative approach to homogenization, based on the original notion of the so-called two-scale convergence, occurred in 1989; its basic definitions and lemmas (later published in essentially generalized forms-more references are in [24] again) can be found in [18] and [1] . This approach incorporates a compensated compactness phenomenon due to a particular (not very artificial) choice of test functions.
